Streams and rivers on the Vanuatu islands of Espíritu Santo, Pentecost, Éfate and Tanna were sampled for gastropods and the physical and chemical characteristics of the water were investigated between 25/11/95 and 13/12/95. Twenty three species of neritid and forteen of thiarid prosobranch gastropods were found, together with the pulmonate Physastra nasuta and an opisthobranch species Strubellia. Six thiarid, two Clithon and one Neritina species, which are present in the Solomon Islands and South East Asia, but which are absent further south on New Caledonia and the Fiji islands, were found on the Vanuatu islands. On the other hand, Septana bougainvillei and Clithon pritchardi, which are present on the Fiji islands and New Caledonia, were found no further north than the southern Vanuatu island of Tanna. This suggests that Vanuatu is a transition zone for both northern and southern freshwater snails. Éfate had many more species (26) 
Introduction
Gyraulus montrouzieri (Gassies), Physastra nasuta (Morelet) and Fluviopupa brevior (Ancey), all found Land and some freshwater molluscs of Vanuatu (ten on Espkitu Santa In ^ rev iew he did not include the New Hebrides) were reviewed by Solem (1959) . He families Neritidae and Thiaridae. Nevertheless, many mentioned only three species of freshwater gastropods, species of these families e.g. Neritina pulligera, Septaria suffreni and Thiara scabra were later found more than 20 km inland on Viti Levu, Fiji (Haynes 1985) . Starmiihlner (1976) investigated some rivers (6 . 
Vanuatu is a Y shaped archipelago of 74 inhabited islands and over 200 smaller islands. In this study the streams and rivers of four islands were investigated. The islands were Espiritu Santo, the most northerly and largest, Pentecost to its south east, Éfate about 170 km further south and Tanna 200 km south of Éfa-te (Fig. 1 ).
Vanuatu's nearest neighbours are Solomon Islands 540 km to the north, New Caledonia 329 km to the south west and Fiji 600 km to the east (Fig. 1) . The freshwater gastropods of the island groups, North and South and South of Vanuatu, had been investigated. Haynes (1993) studied the Solomon Islands of New Georgia, Guadalcanal, Mailata Makira and Haynes (1985 Haynes ( , 1988a Haynes ( , 1990 recorded the snails on most high islands of Fiji. Franc (1956) , Starmiihlner (1976) and Pôllabauer (1986) recorded freshwater snails in New Caledonia.
The previous investigations showed that certain gastropods are present in Solomon Islands but absent from New Caledonia or Fiji, while others are present in New Caledonia or Fiji but absent from Solomon Islands.
As it is generally believed that neritid and thiarid gastropods arose in South East Asia (Starmiihlner 1976 , Haynes 1988b , 1990 ) and were distributed southwards into the south Pacific, it was anticipated that Vanuatu, situated between these three island groups, might be a region of faunal change. To test this eventuality, Vanuatu islands were sampled along a NorthSouth gradient.
Study area
The islands of Vanuatu are composed of mainly volcanic rock often overlaid by younger limestone. The East of Espiritu Santo is composed of recent limestone and has few streams while the western part is made of older volcanic rock but is inaccessible by road from Luganville. Sampling sites on Espiritu Santo were in the south and interior of the island (Fig. 2 A) . 
North Pentecost consists mainly of limestone overlaying older volcanic rocks and lacks permanent streams. The eastern side is very wet and inaccessible by road. Sampling sites were on the South East side where the substratum was mainly volcanic or vocanic rock overlaid by limestone (Fig. 2 B) .
Éfate's rock is mainly pumice breccia overlaid by limestone. The road around the island made it possible to sample all coasts and inland at Lolima cascades ( Fig. 2 
Material and methods
Sampling took place on 25-28 November (Éfate), 2-5 December (Pentecost), 8-11 December (Espiritu Santo) and 11-12 December (Tanna).
Two or more people searched the substratum at each site for at least 30 minutes. Leaf litter, plants, wood and all surfaces of stones and boulders were inspected and sand and gravel were sieved. The specimens collected were killed in magnesium sulphate solution and preserved in 80 % ethanol.
Water velocity and temperature were noted. Water samples collected at each site, were analysed for pH and total ions (conductivity mS nr 1 ) with sensormeters.
Results
The gastropod species found at each site on the four islands are given in Tables The number of species found at each site varied from 1 to 12 (Tables 1-4 ). The mean water velocity and the mean total ions were calculated to find if there was any correlation between either and the number of species present. The correlation coefficient r = 0.409 for the number of species and water velocity was not significant, but r = 0.698 for the number of species and total ions indicated a correlation at the 5 % level. Total ion content at some sites, that were less than 0.3 km from the sea, was influenced by tidal sea water. (Reich 1937 , Starmühlner 1976 .
The neritids N. asperulata, C. bicolor, C. nucleulus and S. porcellana are not present in Fiji while C. squarrosus, C. chlorostoma and N. adumbrata are absent from both New Caledonia and Fiji. On the other hand, C. pritchardi and S. bougainvillei, present on New Caledonia and Fiji were only found on the most southerly Vanuatu island Tanna (Fig. 3) and they have not been reported from any island further north.
The thiarids also show a disruptive distribution (Fig.  4) . M. aspirans and the worldwide species M. tuberculata are the only species found in all four countries. Six species (7^ granifera, T. cancellata, M. punctata, M. pollens, M. torulosa, B. glans) have not been distributed further South than Vanuatu although T. granifera is present in the eastern Pacific on the Society Islands (Pointier & Marquet 1990 ).
The number of species found on each Vanuatu Island is not only determined by the island area and the number os streams present but also by the number of col- T. granifera, T. bellicosa, P. nasuta. (Table 5 ). The number of species found on Éfate increased sharply as the first sites were sampled but increased slowly after sampling 9 sites (Fig. 5) . Twenty four (62 %) species had been found after 9 sites were sampled. The result would have been the same whether sampling occurred in an easterly or westerly direction from Port Vila. If site 8 had been missed, only 22 (85 %) of the total species would have been found (Fig. 5) . However, as no less than eight sites were investigated on an island, the number of species found is not far short of the actual number present.
When the sites are classified according to distance from the sea, sites 6 km or more from the sea have four species of thiarids and P. nasuta only, while neritids have not colonized the rivers farther than 5 km from the sea (Table 6 ). Shells of both neritids and thiarids were encrusted with lime where CaC0 3 , was high. This was noted on Pentecost at site 6, Waterfall R. and on Éfate at site 4, Ewor R. and site 7, Lololima Falls (Tables 2, 3).
Discussion
As well as the 39 species of gastropods recorded in this investigation, Solem (1959) found on Espiritu Santo the pulmonates Gyraulus montrouzieri and Ferrissia noumeensis previously recorded in slow moving water and ponds in Fiji and New Caledonia (Starmiihlner 1970, Haynes 1985) . Starmuhlner (1976) found F brevior, T. amarula and N. turrita on Éfate.
More species (26) were discovered on Éfate than on any of the other islands. Starmuhlner (1976) , who visited only 6 sites on Éfate found 17 species, compared with 18 species from 9 sites on Espiritu Santo and 19 species from 10 sites on Tanna in mis study. The higher number of species on Éfate may be partly due to the general higher ion content of its waters. A weak correlation between total ions and species number was shown to exist. Other possible factors are its geographical position in the main line of any southward movement of gastropods, its composition of pumice breccia (not porous limestone as on other islands) and its relatively gentle slope near the coast. Tanna, the most southerly island, had two neritid species, 5. bougainvillei and C. pritchardi which were not found on other Vanuatu islands or further North in the Solomon Islands and South East Asia, but are common in New Caledonia (Pôllabauer 1986) and Fiji (Haynes_1988a,-199.6,-1997 ._These-two-species appear to have originated in this southern region.
(10) Vanuatu is as far South as many thiarid species have been distributed. The six species absent from both New Caledonia and Fiji may be poor dispersers, possibly because their young hatch as young adults rather than veligers or because the sometimes colder water temperatures : 16° C in New Caledonia (Starmühlner 1970 ) and 19° C in Fiji (Haynes 1985) , has prevented them from becoming established.
Although the planorbid P. nasuta was present exclusively 5 km and more from the sea in Vanuatu, it lives in ponds and Sago swamps as near as one km from the sea on Viti Levu, Fiji (Haynes 1985) . P. nasuta is not found in Solomon Islands but is present in New Caledonia (Starmühlner 1970) , Tonga, Samoa and Cook Islands (Haynes 1990 , Starmiihlner 1993 as well as Fiji (Haynes 1985 (Haynes , 1988a . Other species of Physastra are found in Australia (Walker 1984) .
Similarly, the genus Fluviopupa is a southern genus with endemic species in New Caledonia and Fiji as well as Vanuatu (Ponder 1982) . It is not found further North than Vanuatu.
New Caledonia has at least two species of the thiarid, Melanopsis (Franc 1959 , Starmiihlner 1970 ) and one of these was present on Éfate. The opisthobranch, Strubellia sp., found in two streams on Éfate may be Strubellia paradoxa, which was found by Starmiihlner (1976) on the island of Guadalcanal, Solomon Islands and which was discussed by Wawra (1974 Wawra ( ,1988 . The anatomy of the Vanuatu Strubellia has not been fully investigated.
